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ABSTRACT
Objective:Ovarian cancer (OC) is often diagnosed at an advanced stage with two thirds of patients
experiencing recurrent disease with a poor prognosis. Adoptive cell therapy (ACT) with tumor-infiltrating
lymphocytes (TIL) has shown curative potential in malignant melanoma, but has only been investigated
scarcely in other cancers. In this pilot study, we tested TIL based ACT in patients with metastatic OC.
Methods:Six patients with progressive platinum-resistant metastatic OC were treated with an infusion of
TIL preceded by standard lymphodepleting chemotherapy and followed by decrescendo intravenous
interleukin-2 (IL-2). Primarily, the feasibility and tolerability of the treatment was assessed. Secondarily,
disease control rate was described and immune responses against tumor cells were monitored.
Results:Treatment was well tolerated with manageable toxicities. Four patients had stable disease for
three months and two patients for five months with five patients having a decrease in target lesions.
Progression was primarily due to new lesions while target lesions in general remained stable or in
regression. Antitumor reactivity was observed in TIL infusion products from five patients but no
antitumor reactivity was detectable in peripheral blood lymphocytes collected after treatment. High
numbers of infused TIL expressed exhaustion markers including LAG3 and PD-1, and immunostaining of
tumor tissue demonstrated substantial MHCII and PD-L1 expression.
Conclusions:ACT with TIL in combination with decrescendo IL-2 is feasible in patients with metastatic
OC. Early indications of clinical activity were found. However, TIL ACT efficacy was incomplete with
possible involvement of the inhibitory immune checkpoint pathways LAG3/MHCII and PD1/PD-L1.
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Introduction

In 2012, approximately 250,000 women were diagnosed with
ovarian cancer (OC) with 150,000 estimated deaths worldwide1.
OC is often diagnosed at an advanced stage2 with platinum-based
chemotherapy being the standard of care 3, but more than two
thirds of these patients will develop recurrent disease4 with a poor
prognosis3,4. Therefore, new and improved treatment options are
highly wanted.

The presence of intratumoral T cells in patients with OC has
been associated with improved overall survival (OS) and pro-
gression-free survival (PFS)5. Thus, strengthening natural T-cell
responses might represent a successful therapeutic option in OC.
Adoptive cell therapy (ACT) with tumor infiltrating lympho-
cytes (TIL) is based on an infusion of autologous T cells obtained

from the tumor microenvironment of the individual patient.
These T cells are expanded and activated in vitro before
reinfusion6. This treatment has shown remarkable results in
patients with malignant melanoma with objective response
rates ranging from 40–70% and up to 20% durable complete
responses7-11. Promising results are reported in epithelial
cancers12,13. In OC, TIL based ACT has previously been tested
with limited success14,15, but the protocols used for expansion of
TIL have been extensively changed and optimized over the last
decades. At our center we have recently successfully expanded
TIL with antitumor reactivity from OC16.

Here we report the clinical and immunological results
of a pilot study investigating TIL based ACT in meta-
static OC.
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Results

Patient characteristics

Eleven patients were enrolled in the study. Five patients did
not receive treatment due to: benign surgical biopsy for TIL
production (n = 1); unsuccessful TIL expansion (n = 1); clin-
ical deterioration (n = 3). Table 1 summarizes characteristics
of treated patient. Untreated patients are described in the
supplementary data. Six patients were treated between
October 2015 and November 2016. They were 50–65 years
old (median 59 years) with Cancer antigen (CA-125) levels
ranging from 10–4320 kU/L (median 214) and FIGO stage
IIIc (n = 4) and IV (n = 2) disease, and had received two to six
prior treatment regimens (median three).

TIL characteristics

Young TIL (YT) expansion was successful in nine of ten
patients. Table 2 summarizes treated patients’ TIL charac-
teristics. Data from untreated patients are described in the
supplementary data. YT culture generation took a median
of 25 days (range 10–33). The rapid expansion protocol
(REP) led to a median expansion fold of 2810 (range
890–4560) with median percentage of CD3+ cells increasing
from 89.9% (range 56.7–97) in YT to 98.3% (range 95.5–
99.4) in the infusion product (INF PROD). A small increase
in CD4+ cells (from median 55.5% to 58.3%) and CD8
+ cells (from median 35.5% to 37.4%) was seen, but with
considerable interpatient variation (largest median CD4
+ cell variation 17.8% and largest median CD8+ cell varia-
tion 24.4%). The total number of cells in the final INF
PROD was median 56.2x10^9 cells (range 17.8–91.2x10^9
cells).

Treatment and toxicity

Timeline
It lasted a median of 64 days (range 54–76) from inclusion
until infusion of TIL; median 21 days (range 7–29) from
inclusion until surgery and a median TIL expansion period
of 39 days (range 24–47).

Surgery
Eleven patients underwent surgery with the purpose of
removing tumor tissue for TIL expansion. Of the 6 patients
treated, four had an intraabdominal lesion removed either by
explorative laparotomy (n = 3) or laparoscopic procedure
(n = 1), while two had an accessible lymph node (LN)
removed from the left axillary region (in local anesthesia)
and right groin, respectively. One patient was initially dis-
charged, but then hospitalized for 3 days due to a fever. No
signs infection was found and no treatment was administered.
Another patient had a wound infection after surgery that was
treated with 10 days of oral antibiotics. Treatment character-
istics, treatment related grade 3–4 adverse events (AEs) and
serious adverse events (SAEs) are listed in Table 3.

Leukapheresis
For the treated patients, duration of hospitalization for leuka-
pheresis ranged from two to nine days with the procedure
performed for up to two consecutive days. Two patients
received increased granulocyte colony stimulating factor (G-
CSF) dosages to obtain a sufficient number of stem cells,
which was possible in five of six patients. Common adverse
reactions observed in relation to G-CSF were headache
(n = 3), myalgia (n = 2) and arthralgia (n = 2). One patient
had a prolongation after hospitalization following the proce-
dure due to a fever and urinary infection that was treated with
antibiotics for a total of 7 days. Another patient had a deep
venous thrombosis found on the baseline scan before TIL
therapy. She was known with a factor V Leiden mutation,
had no symptoms and was treated with an increase in her
usual anticoagulation treatment for 4 weeks.

T-cell therapy
The median duration of hospitalization was 20 days (range
18–28). Lymphodepleting chemotherapy was administered
without the occurrence of unexpected toxicities. All patients
experienced expected grade 3–4 electrolyte derangements and
expected hematologic toxicities requiring transfusions. All
patients recovered without the need of stem cell support.
Expected leukopenia was observed in all patients within a
few days prior to TIL administration. Four of six patients
were treated with antibiotics from before or during lympho-
depleting chemotherapy. Two patients experienced known
and expected low-grade reversible adverse events in relation
to TIL infusion. These were chills (n = 2) and a minor rise in
temperature to 38.7 °C (n = 1).

IL-2 infusion was generally well tolerated. Three of six
patients received 100% of the planned IL-2 dose (median 97%,
range 61–100). All patients experienced a rise in temperature
during IL-2 and were treated with antibiotics according to local
guidelines for neutropenic fever. One patient experienced a rise
in temperature close to 41 °C and later dyspnea and confusion,
which lead to early termination of IL-2 treatment after 61% of
the total IL-2 dosage. The patient recovered quickly after IL-2
withdrawal. Other reasons for early termination were mental
strain and hallucinations after the administration of 94% and
90% of the total IL-2 dose, respectively.

The hospitalization of one patient for 28 days was due to a
prolonged recovery period with respiratory distress and rising
body temperature without an infectious focus, alleviated by
pleurocentesis and treated with antibiotics, respectively. The
remaining five patients had uncomplicated recovery periods.
Patients had expected need of correction of electrolyte
derangements (n = 6), diuretics due to excessive fluid
(n = 5) and increased doses of fungal treatment due to oral
candidiasis (n = 2).

Clinical efficacy

All patients had stable disease (SD) six weeks after TIL ther-
apy (Table 1) with five of six patients having a decrease in
target lesions (largest decrease 23%) (Figure 1A). Four
patients had SD for three months and two patients main-
tained SD for five months. Decreasing (n = 3) or stable
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(n = 3) CA-125 values were seen at first evaluation time point
(Figure 1B). Five of six patients developed progressive disease
(PD) due to the occurrence of new lesions only, while target
lesions were generally stable.

There was a difference between the RECIST and the
PERCIST assessment in one or more of the evaluation scans
in five of six patients. Thus, at the six weeks scan, three
patients had a partial metabolic response (PMR) and one
had progressive metabolic disease (PMD) in accordance with
the PERCIST criteria, with all patients having SD in accor-
dance with the RECIST criteria. At the five months evalua-
tion, one patient had stable metabolic disease (SMD), but PD
in accordance with RECIST due to new lesions that was not
seen by PET. Vice versa, in the other patient evaluated after
five months, new lesions were seen only by PET.

Antitumor reactivity of expanded t cells

Autologous tumor cell lines (TCL) were established from the
transport media in five of ten included patients and four of six
treated patients. In the treated patient YT, specific antitumor
reactivity in CD4+ TIL was seen in two of six patients against
fresh tumor digest (FTD) (4.4% and 9.3% reactive cells) (Figure 2).
Specific antitumor reactivity in CD8+ TIL was seen in two of six
patients, in one patient against TCL alone (1.9% reactive cells) and
in another patient against TCL alone (0.5% reactive cells) with
increased reactivity after pretreatment of tumor cells with inter-
feron-gamma (IFN-γ) (1.1% reactive cells).

In the INF PROD, specific antitumor reactive CD4+ TIL were
seen in four of six patients, with all responding against FTD (0.5–
7.3% reactive cells) and one also against TCL + IFN-γ (0.9%
reactive cells) (Figure 2). Specific antitumor reactivity in CD8
+TILwere seen in five of six patients, with one responding against
TCL (1.5% reactive cells), two responding against TCL + IFN-γ
(0.8% and 0.9% reactive cells, respectively) and two responding
against FTD (0.5% and 0.9% reactive cells).

To further evaluate the activation stage of the infused
T-cells, INF PROD were analyzed using a panel of T-cell
differentiation and exhaustion markers (Table 4). Looking
into the T cell differentiation stages, defined by Sallusto17,

the majority of both CD4+ TIL and CD8+ TIL were effector
memory T cells, median 99.6% (range 99.3–99.9) and median
91.1% (range 87–96.9, respectively (Figure 5A). Regarding
exhaustion markers, LAG-3 was highly expressed with a med-
ian of 85.2% in CD4+ TIL (range 65.9–93.6), and a median of
98.2% in CD8+ TIL (range 95.6–99.8), respectively
(Figure 5B). PD-1 expression was lower and more variable
with a median of 8.7% in CD4+ TIL (range 1.5–17.7), and a
median of 16.4% in CD8+ TIL (range 6–51.1) (Figure 5B).

Specific antitumor reactivity in peripheral blood lympho-
cytes (PBL) was tested in the two patients with the highest
overall antitumor reactivity. In general, no significant tumor
reactive CD4+ or CD8 + T cells were detectable in PBL before
or after treatment (Figure 3).

Immune infiltrates and PD-L1 and MHCII expression in
tumor tissue

The expression of lymphocyte-activation gene 3 (LAG-3) and
programmed cell death protein 1 (PD-1) on infused T-cells point
towards a potential risk of inhibitory signaling if the ligands
major histocompatibility complex II (MHCII) and programmed
death-ligand 1 (PD-L1) were expressed in the tumor. To assess
this, multiplex immunohistochemistry (IHC) was performed on
the tumor lesions from which TIL were expanded. Figure 4
shows an example of a patient with high and low expression of
PD-L1 and MHCII, respectively. Supplementary Figure 1 shows
representative examples of expression in all patients. The IHC
showed a general infiltration of CD4 + T cells (detected as CD3
+ CD8- cells; > 20 average counts/mm2), both cytotoxic (CD3
+ CD8-TIA-1+) and non-cytotoxic/helper T cells (CD3+ CD8-
TIA-1-), except in the epithelium from GY1508.11. Cytotoxic
CD8 + T-cell (CD3+ CD8+ TIA-1+) infiltration was generally
seen in both epithelia and stroma, except in GY1508.08, and in
the epithelia of GY1508.11. Non-cytotoxic CD8 + T-cell infiltra-
tion (CD3+ CD8+ TIA-1-) was generally low and only observed
in the stroma of GY1508.01 and GY1508.10). CD8/CD4 T cell
ratio was generally low (< 1) except in the epithelium in
GY1508.10 and in the stroma in GY1508.01 (both > 2). PD-L1
expression (> 20 average count/mm2) was found in both tumor

Table 2. TIL characteristics.

Patient ID Tumor YT INF PROD

Site

Cryo
before
REP

Days in
culture

% of
singlets % of CD3+

REP
expansion

fold
% of

singlets % of CD3+
Total cells
(x10^9)

CD3+ CD4+ CD8+ CD4-
CD8-

CD4
+

CD8
+

CD3+ CD4+ CD8
+

CD4-
CD8-

CD4
+

CD8
+

GY1508.01 IA No 33 97 41.2 51.1 7.5 0.1 3000 99.4 23.4 75.5 0.5 0.6 60
GY1508.04 IA Yes 10 56.7 23.9 51.8 23.9 0.8 2420 97.9 31.2 55.5 11 2.8 48.4
GY1508.06 IA Yes 21 94 48 46.6 4.2 0.4 4560 98.6 38.7 60.3 0.5 0.4 91.2
GY1508.08 IA No 33 92.8 95.6 2.5 1.8 0.2 2820 96.9 82.1 17.1 0.4 0.5 56.4
GY1508.10 LN Yes 19 87 81.6 15.6 2.6 0.2 2800 95.5 80.3 16 2.6 0.4 56
GY1508.11 LN No 28 75.7 63 24.4 12.6 0.2 890 98.8 77.9 19.3 2.4 0.5 17.8a

Median - NA 25 89.9 55.5 35.5 5.9 0.2 2810 98.3 58.3 37.4 1.5 0.5 56.2
Range - NA 10–33 56.7–97 23.9–

95.6
2.5–
51.8

1.8–
23.9

0.2–
0.8

890–4560 95.5–
99.4

23.4–
82.1

16–
75.5

0.4–
11

0.4–
2.8

17.8–91.2

a Technical problem with the wave bioreactor.
Abbreviations: Cryo = Cryopreserved, IA = Intraabdominal, LN = Lymph node, NA = Not applicable.
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epithelium and stroma, except in the stroma from GY1508.01
and GY1508.10. PD-L1 + macrophages (PD-L1+ CD163+) were
found in both epithelium and stroma, except in the epithelium
from GY1058.10. Further, MHCII expression (average H-score
> 10) was shown in tumor tissue epithelium in four of six patients
(except in GY1058.01 and GY1508.08).

Discussion

ACT with TIL using standard preparative lymphodepleting che-
motherapy in combination with decrescendo IL-2 stimulation
was found feasible for treatment of patients with metastatic
ovarian cancer. The full chemotherapy dosage and a median of

Table 3. Treatment characteristics and adverse events.

GY1508.01 GY1508.04 GY1508.06 GY1508.08 GY1508.10 GY1508.11 All patients

Treatment characteristics Median (range)
Days in hospital 28 20 20 21 18 20 20 (18–28)
Units RBC transfusiona 4 8 6 3 4 3 4 (3–8)
Units PLT transfusionb 7 10 4 7 2 4 6 (2–10)
Days with neutrophils < 0,5x10^9/L 10 10 8 8 8 9 9 (8–10)
Dose IL-2 administered, MIU 78 126 109.8 113 121.5 135 117 (78–135)
% IL-2 administered 61 100 100 94 90 100 97 (61–100)
Treatment related AEs (grade 3–4)c Total
Surgery
Fever without infection 3 1
Leukapheresis
Fewer with infection 3* 1
TIL therapyd

Performance status 3 3 3 3 3 3 6
Dyspnea 4* 1
Fever without infection 3 1
Febrile neutropenia 3 3 3 3 3 3 6
Confusion 3 1
Fatigue 3 1
Maculopapular rash 3 1
Hallucinations 3 1
Hyponatremia 3 3 3 3 3 3 6
Hypophosphatemia 3 3 3 3 3 5
Hypokalemia 3 3 3 3 3 5
Anemia 3 3 3 3 3 3 6
Lymphocytopenia 4 4 4 4 4 4 6
Thrombocytopenia 4 4 4 4 4 4 6
All 10 8 11 8 9 8 54
SAEs Total
Deep venous thrombosis Xe 1
Dyspnea X 1
Fever with infection X 1
All 2 1 3

a Transfusion when hemoglobin < 6.0 mmol/L, b Transfusion when platelets < 20x10^9/L or < 30x10^9/L if the patient was in risk of bleeding, c According to the
CTCAE v. 4.0, d Includes lymphodepleting chemotherapy, TIL infusion and IL-2 stimulation, e Found on baseline scan after leukapheresis and before TIL therapy, *
SAE.

Figure 1. Characteristics of disease control rates over time in patients receiving TIL therapy. A, spider-plot of changes in target lesions. Horizontal dotted lines at 20
and −30 indicate the threshold for defining PD and PR from baseline according to RECIST 1.1., respectively. * = new lesion(s). B, changes in CA-125 levels in kU/L. The
horizontal dotted line marks a change in Y axis values and intervals.
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97% of the IL-2 dosage were administered. Treatment related
side-effects were manageable and similar to those described in
patients with metastatic malignant melanoma treated with a
similar T-cell therapy regimen8.

Three of eleven patients were excluded due to deterioration
of their clinical condition. Previous chemotherapeutic treat-
ment was discontinued prior to inclusion. It is likely that the
period without chemotherapeutic treatment may have led to
the rapid disease progression seen in some of the patients.
G-CSF-mobilized stem cell leukapheresis was strenuous on
the majority of patients. The hematopoietic system of all
patients recovered without stem cell support. Other studies
with previously chemotherapy treated patients, using the same
lymphodepleting chemotherapy regimen prior to TIL therapy,
have reported similar findings12,18–20. Based on these findings
and our own observations, we propose the leukapheresis
procedure could be omitted in future clinical trials in a similar
setting.

The best disease response observed was SD with a 23%
decrease in target lesions and the longest period was five
months. There were no clear differences in patient character-
istics between the patients with SD for 5 months and
3 months, respectively.

We observed a difference between the RECIST and
PERCIST evaluation in five of six patients with the
PERCIST evaluation generally indicating response more fre-
quently. However, as metabolic response did not correlate

with clinical relevant benefit a potential role for the use of
PERCIST in this patient group could not be sustained.

Since ovarian cancer is a chemotherapy-sensitive cancer, it
cannot be ruled out that the lymphodepleting chemotherapy
regimenmight have contributed to the disease control observed.
Cyclophosphamide has previously been a treatment option for
patients with ovarian cancer21,22, although in a different regi-
men than the one used in this study. Fludarabine has only been
tested in patients with ovarian cancer in a few older clinical
trials showing no clinical effect23,24. In future studies, evaluation
scan in close connection to the lymphodepleting chemotherapy
regimen might clarify this.

Notably, only one of six patients progressed due to
regrowth of target lesions while the remaining five patients
progressed solely due to the occurrence of new lesion(s).
During the course of tumor evolution and dissemination,
different subclones might arise and give rise to tumor hetero-
geneity and varying degrees of resistance to anticancer
therapies25. The observation that treatment failure generally
was due to occurrence of new lesions indicates partial respon-
siveness to TIL therapy and points towards the emergence of
TIL therapy resistance during continued subclonal evolution.

Although we found TIL therapy in patients with OC to be
feasible and manageable with treatment-related side effects
comparable to those observed in MM patients, clinical benefit
were not as pronounced as in MM. TIL therapy is cumber-
some and several of these heavily pretreated patients were

Figure 2. Antitumor reactivity of in vitro expanded TIL. The figure shows the frequency of T cells expressing at least one of the T-cell functions: TNF, IFN-γ or CD107a,
upon stimulation with autologous TCL (with or without low-dose IFN-γ (100 IU/ml) stimulation) or FTD with FACS analysis. A specific anti-tumor response was defined
at minimum 0.5% responding cells (horizontal line), with a minimum of 50 positive events (*). The frequency of tumor-reactive cells in stimulated samples was
subtracted from un-stimulated samples.
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excluded from the trial while waiting for TIL production due
to clinical deterioration. This should be taken into considera-
tion when planning future studies.

To our knowledge, TIL therapy in gynecological (cervical)
cancers has only been reported with success in one study
using selected TIL12. Treatment with unselected TIL has pre-
viously been successful in malignant melanoma8-10. It is pos-
sible that the lower somatic mutational load in ovarian cancer
compared to malignant melanoma26 and resulting fewer
potential neo-antigens for the immune system to recognize27,
limits the chance of successful immune therapy.

In regards to TIL production, the REP expansion fold and
total number of cells in the INF PROD were lower compared to
our previous clinical trial in malignant melanoma8. A lower
percentage of CD8+ cells and a higher percentage of CD4
+ positive cells was also seen in the INF PROD compared to
malignant melanoma8. High numbers of CD8 + T cells and
high total numbers of TIL in the infusion product have pre-
viously been shown to be significantly associated with clinical
response in malignant melanoma10. The lower total amount of
TIL and the different composition of the INF PROD compared
to malignant melanoma could therefore be part of the explana-
tion of why only transient disease stabilization was induced.

Specific antitumor reactivity was seen more frequently in
the INF PROD compared to YT for both CD4+ cells and CD8
+ cells, but specific tumor reactivity could not be detected in
PBL after treatment. This is in line with the observed associa-
tion between lack of a persistent clinical response in malig-
nant melanoma when antitumor reactive T cells were not
established in PBL8. In the INF PROD we found a predomi-
nantly high expression of LAG3, especially on CD8+ cells, as
well as a varying degree of PD-1 expression.

Tumor samples for TIL preparation were examined by IHC
and we observed a general infiltration of CD4+ TIL and CD8
+ cytotoxic TIL, with a CD8+/CD4+ ratio below 1.
Furthermore, substantial expression of PD-L1 and MHCII
was found in most tumor tissue samples.

T-cell activation, proliferation and effector functions can
be regulated through several immune checkpoint pathways.
We found high LAG-3 and some PD-1 expression in the INF
PROD T cells and PD- L1 and MHCII expression in most
tumors. PD-1/PD-L1 and LAG3/MHCII interaction is known
to lead to inhibition of T cells which could potentially limit

anti-tumor efficacy of the infused TIL. Surpassing negative
regulation by use of checkpoint inhibitors is well known28.
Thus, one way of increasing the clinical efficacy of TIL ther-
apy in ovarian cancer could be combination therapy with
checkpoint inhibitors. In support of this idea, TIL in ovarian
cancer tumor models have been shown to express both surface
CTLA-4 and PD-1 and blockade of both led to reversal of
CD8+ TIL dysfunction and tumor regression29. CTLA-4
blockade in ovarian cancer in a clinical setting has only been
scarcely investigated30,31 while a phase II study showing pro-
mising tolerability and clinical efficacy of PD-1 blockade in
ovarian cancer was recently published32. Another study has
found that the majority of tumor-derived CD8 + T cells from
ovarian cancer patients express PD-1 and that LAG-3+ PD-
1 + T cells accumulate at in ovarian tumors. Also, they found
dual blockade of PD-1 and LAG-3 lead to an increased fre-
quency and effector function of NY-ESO-1-specific CD8 + T
cells33. Surprisingly, we found that the majority of TIL
expressed LAG-3, but not PD-1 as could be expected.
Therefore, LAG-3 could be another potential target of inter-
est. Importantly, the findings are limited by the low number
of patients in the study and observations should therefore
mainly be hypothesis generating.

In conclusion, in this pilot study we have shown that TIL
therapy in combination with a decrescendo IL-2 regimen in
patients with metastatic ovarian cancer is feasible with man-
ageable toxicity. Clinical indications of treatment benefits
were seen, but mainly transient. Clinical efficacy might be
potentiated through combination therapy targeting immune
checkpoint triggered inhibition. To this end, at our center a
phase I trial investigating TIL therapy in combination with
Ipilimumab and Nivolumab is ongoing (NCT03287674).

Patients and methods

Patients

Patients aged 18–70 years with histologically verified high
grade serous adenocarcinoma and metastatic OC, were eligi-
ble to enter the study. All patients had progressive platinum-
resistant disease accessible for surgery, acceptable organ func-
tions, an eastern cooperative oncology group (ECOG) perfor-
mance status of ≤ 1. Patients with brain metastases, severe

Table 4. T-cell exhaustion markers in infusion products.

INF PROD

Live TIL CD3+ CD4+ CD8+

Patient ID (%) CD4+ (%) CD8+ (%) LAG-3+ (%) PD-1+ (%)
PD-1+ LAG-3+

(%) LAG-3+ (%) PD-1+ (%) PD-1+ LAG-3+ (%)

GY1508.01 99.5 24.6 72.7 80.9 17.7 14.9 97.5 51.5 49.9
GY1508.04 97.9 39.2 40.7 93.6 7.1 7.1 98.8 11.3 11.3
GY1508.06 99.5 35.9 60.4 87.4 10.3 9.4 98.9 32.5 32.1
GY1508.08 96.6 85.8 9 83 18.7 2.3 95.6 6 5.8
GY1508.10 91.8 91.7 6.8 65.9 1.5 1.3 97.4 13.4 13.2
GY1508.11 92.7 89 9,5 93.2 3.7 3.5 99.8 19.3 19.3
Median 99.7 62.5 25.1 85.2 8.7 5.3 98.2 16.4 16.3
Range 99.1–99.9 24.6–91.7 6.8–72.7 65.9–93.6 1.5–18.7 1.3–14.9 95.6–99.8 6–51.5 5.8–49.9

Analyses where performed on frozen INF PROD samples causing a discrepancy in the percentage of CD3+ CD4+ cells and CD3+ CD8+ compared to analyses
performed on fresh INF PROD. The median discrepancy was within 10% which can be expected when comparing fresh and frozen samples.

Abbreviations: ID = Identification, INF PROD = Infusion product.
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Figure 3. Antitumor reactivity of PBL in blood samples collected before and after TIL therapy. The figure shows the frequency of T cells expressing at least one of the
T-cell functions: TNF, IFN-γ or CD107a, upon stimulation with autologous TCL (with or without low-dose IFN-γ (100 IU/ml) stimulation) or FTD with FACS analysis. A
specific anti-tumor response was defined as a minimum 0.5% responding cells (horizontal line), with a minimum of 50 positive events (*). The frequency of tumor-
reactive cells in stimulated samples was subtracted from un-stimulated samples.

Figure 4. Multiplex immunohistochemistry of tumor samples used for TIL expansion. Images represent tumor slides from selected patients with a high expression/
hot (top) and with a low expression/cold (bottom) for each panel. Color schemes of the selected panels were as follows. A, stained for PD-1 (blue), PD-L1 (red) and
Cd163 (green). B, stained for MHCII (red) and DAPI (blue).
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comorbidities or -allergies, active autoimmune diseases, treat-
ment with immunosuppressive or experimental drugs or
other malignancies within the past five years were excluded.

Study design

The study was conducted as a pilot study treating six patients
(ClinicalTrials.gov Identifier: NCT02482090). The primary end-
points were tolerability and feasibility. Secondary endpoints
were to assess objective responses (OR) and immune responses.
OS and PFS were also described. The study was conducted in
accordance with the Helsinki Declaration and approved by the
National Committee onHealth Research Ethics, the Danish Data
Protection Agency and the Danish Medicines Agency. Informed
consent was obtained from each patient.

Treatment

Surgical removal of tumor tissue (≥ 1 cm3) for TIL expansion
was followed by G-CSF (Filgrastime 0.1 mg/kg) mobilized
leukapheresis with the purpose of harvesting ≥ 2 x 106 auto-
logous hematopoietic stem cells (HSC) for cryopreservation.
TIL expansion took approximately 4–6 weeks (described
below). TIL therapy consisted of lymphodepleting chemother-
apy (Cyclophosphamide 60 mg/kg, day −7 and −6 and
Fludarabine 25 mg/m2, day −5 to −1) as described in previous
studies8,34. TIL was administered as a single intravenous infu-
sion on day 0 and was followed by IL-2 in accordance with the
decrescendo regimen (18 MIU/m2 for 6, 12 and 24 hours
followed by 4.5 MIU/m2 for 24 hours for up to three days,
maximum dose 135 MIU)35. IL-2 administration was termi-
nated if unacceptable toxicities occurred. Patients were mon-
itored daily with clinical examination and biochemical blood
tests. Blood tests for immunological monitoring were collected
before leukapheresis, at hospitalization (day −8), at the time of
discharge and at subsequent evaluations (see below). All
patients received prophylactic antibiotics and antiemetics as
described in earlier studies8,34. Platelet and red blood cell
transfusions were given when clinically indicated.

Evaluation

Toxicity was assessed using the common terminology criteria
for adverse events (CTCAE) version 4.0. Clinical response was
evaluated using the RECIST 1.1 criteria36, disease control rate
was defined as non-progressive disease according to RECIST
1.1. In addition, the PERCIST 1.0 criteria37 was used explora-
tively to assess if there could be an additive value to the
RECIST criteria, since the addition of PET to CT has pre-
viously been found to present a more detailed picture of the
single lesions38. 18F-Flourodeoxyglucose positron emission
tomography/computed tomography (PET/CT) scan was per-
formed within 14 days of TIL therapy (baseline), at 6 and
12 weeks after TIL therapy, and thereafter approximately
every third month for up to five years or until disease pro-
gression. Blood tests for measuring CA-125 were drawn at
evaluation time points.

Generation of TIL

Tumor fragments were processed and TIL expanded
according to previously published methods39,40. Briefly,
1–2 mm3 tumor fragments (48 in total) were placed into
24-well plates (Nunc, Roskilde, Denmark) in 2 mL of cul-
ture medium (90% RPMI 1640 (Invitrogen), 10% heat
inactivated Human AB serum (Sigma-Aldrich, St. Louis,
MO, USA) containing 6000 IU/mL of IL-2 (Aldesleukin,
Novartis, Basel, Switzerland), Penicillin, Streptomycin and
Fungizone (Bristol-Myers Squibb, Lyngby, Denmark). The
bulked culture of YT from this initial outgrowth were then
either cryopreserved or directly used in a rapid expansion
protocol (REP) to generate the final infusion product.
Approximately 20 × 106 TIL were used to initiate the REP
using a dynamic expansion platform as previously
described39. Briefly, 30 ng/ml anti-CD3 antibodies (OKT3,
Miltenyi Biotec, Bergisch Gladbach, Germany) were added
to the REP culture (TIL in 80/20 medium (80% CM/20%
AIM-V medium)) to nonspecifically induce proliferation of
the TIL. Irradiated (40 Gy) allogeneic feeder cells (periph-
eral blood mononuclear cells (PBMC) from at least 4 dif-
ferent healthy donors) at a 1:200 ratio were added to

Figure 5. T-cell differentiation stages and exhaustion markers in the INF PROD from the treated patients. A, the percentage of CD8+ and CD4+ TIL found to be naive-
(CD45RO-CD45RA+), central memory- (CD45RO+ CCR7+) or effector memory cells (CD45RO+ CCR7-), respectively. B, the percentage of CD8+ and CD4+ TIL
expressing the exhaustion markers LAG-3, PD-1 or LAG-3 and PD-1, respectively.
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further stimulate TIL growth through secretion of stimulat-
ing cytokines. At day 14, TIL were harvested and trans-
ferred to a 400 mL infusion bag in a suspension of sodium
chloride with 2.5% albumin. Sterility testing and microbio-
logical control were performed on all TIL cultures before
REP or cryopreservation and before infusion.

Generation of tumor cell lines

TCL were generated from the tumor specimens transport media
or released aftermechanical disaggregation of fragments. The TCL
were cultured in R10 medium (RPMI-1640 with GlutaMAX,
25 mM HEPES pH 7.2, 100 U⁄mL Penicillin, 100 μg⁄mL
Streptomycin and 10% fetal bovine serum (FBS) (Gibco,
Nærum, Denmark). Solu-Cortef (hydrocortisone sodium succi-
nate) (the local hospital pharmacy) 500 ng/mL was added to R10,
the first month of establishing the TCL. Furthermore, enzymati-
cally digested fresh tumor fragments, called fresh tumor digest
(FTD), containing all cells present in the tumor microenviron-
ment, were cryopreserved for later use.

Immunological analysis

Flow cytometry
Phenotype of YT and INF PROD, and antitumor reactivity of YT,
INF PROD and PBL were analyzed with flow cytometry. Briefly,
phenotype analysis performed on fresh cells was determined
immediately after harvest by staining with fluorochrome-labeled
monoclonal antibodies against CD3 FITC, CD4 PerCP, CD56 PE
(all from BD bioscience, New Jersey, United States) and CD8 PB
(Dako, Glostrup, Denmark). Further analysis of T cell differentia-
tion stages and exhaustion makers were performed on cryopre-
served cells. The cells rested overnight at 37°C, 5% CO2 in culture
medium before staining with CD3 BV510, CD4 PerCP, CD8
BV421, CD45RA FITC, CD45RO PE, CCR7 PE-Cy7, PD-1 PE-
Cy7 (all from BD Biosciences, New Jersey, United States), LAG-3
FITC (LS Bioscience, Seattle, United States) andNear-IR live/dead
stain (Life Technologies, California, United States).

Tumor reactivity was tested against both autologous TCL,
with- or without pretreatment with IFN-γ when available, and
against FTD as described previously16. Briefly, TIL were co-cul-
turedwith target cells for 5 hours at 37°C, 5%CO2 in effector:target
ratio 3:1 together with Golgiplug and CD107a BV421 antibody
(BDbioscience,New Jersey,United States). Cells were then stained
with extracellular antibodies Near-IR Live/Dead (Life
Technologies, California, United States), CD3 FITC, CD56 PE,
(BD bioscience, New Jersey, United States) CD8 QD605 (Life
Technologies, California, United States) and CD4 PerCP
(Biolegend, California, United States) and after fixation and per-
meabilization treatment (eBioscience) stained with intracellular
cytokines TNF APC and IFN-γ PE-Cy7 (BD bioscience, New
Jersey, United States). Tumor reactive TIL were defined as T
cells expressing at least one of the following T-cell functions:
tumor necrosis factor (TNF), IFN-γ or CD107a. A specific anti-
tumor response was defined as at least 0.5% responding cells being
present (subtracted from unstimulated samples and used as level
of significance) with a minimum of 50 positive events.

All cells were analyzed using a FACS canto II instrument
(BD bioscience, New Jersey, United States) equipped with
FACS Diva 8.0 software, as previously described16.

Multi-color immunohistochemistry and multi-color
immunofluorescence
Unless stated otherwise, all reagents were obtained from Biocare
Medical (Pacheco, CA). To stain for the PD-L1/CD163/PD-1
combination slides were first deparaffinized through xylene and
graded alcohols to water then subjected to antigen retrieval with
Diva Decloaker in a Biocare decloaking chamber at 110°C for
15 minutes. Slides were then loaded into a Biocare Intellipath
FLX autostainer. First Peroxidased-1 was applied for 5 minutes
followed by Background Sniper for 10 minutes to block non-
specific staining. Then a cocktail of PD-L1 (clone SP142, Spring
Bioscience, Pleasanton, CA) and CD163 (clone 10D6, Biocare) in
Da Vinci Green diluent was added for 30 minutes followed by
MACH2Double Stain # 1 Polymer for 30minutes. The signal was
then detected by adding IP Ferangi blue for 8minutes followed by
IPDAB chromogen for 5minutes. Slides were then removed from
the stainer and subjected to denaturation at 50°C for 45minutes in
a SDS-glycine pH2.0 solution as per Pirici et al (PMID:
19,223,296). Slides were then reloaded onto the Intellipath FLX
and incubated with PD-1 (clone EPR4877(2), Abcam) inDaVinci
Green diluent for 30 minutes followed by MACH2 Rabbit-AP
Polymer for 30minutes then IPWarp Red Chromogen for 7min-
utes. Slides were then counterstained with a 1:5 dilution of CAT
hematoxylin, rinsed, air-dried and coverslipped with Ecomount.

The overall process for staining the TIA-1/CD8/CD3 panel was
similar however in the first round of staining TIA-1 (clone TIA-1,
Biocare) was diluted in Da Vinci Green diluent and applied to the
slides for 30 minutes followed by 30 minutes with MACH2
Mouse-AP polymer and 8 minutes with IP Ferangi Blue chromo-
gen. In the second round of staining a cocktail of CD8 (clone C8/
144B, Cell Marque, Rocklin, CA) and CD3 (clone SP7, Spring
Bioscience) in Da Vinci Green diluent was added for 30 minutes
followed by MACH2 Double Stain #1 polymer for 30 minutes,
then IP Warp Red Chromogen for 8 minutes and Hi Def Yellow
Chromogen (Enzo, Farmingdale, NY) for 10 minutes. Slides were
then counterstained, rinsed, air-dried and coverslipped as
described.

For the MHCI/MHCII/IDO-1 panel multi-color immuno-
fluorescence was applied using OPAL reagents from Perkin
Elmer (Waltham, MA). Manufacturer instructions were fol-
lowed for the overall protocol with HLA Class I A,B,C (clone
EMR8-5, MBL, Woburn, MA) on OPAL520 in round 1, HLA-
DP,DQ,DR (clone CR3/43, Affinity Bioreagents, Golden, CO)
on OPAL650 in round 2 and IDO-1 (clone SP260, Spring
Bioscience) in round 3 on OPAL570. Appropriate MACH2
polymers from Biocare were used after the primary antibody.

Imaging and staining
Slides were imaged using a Vectra 2 Multispectral Imaging
system (Perkin Elmer). 10 20X images per slide were collected
that had 90% of any type of tissue in the field of view. The im3
files generated were opened in inForm image analysis soft-
ware (Perkin Elmer) and algorithms constructed to phenotype
the various cell types of interest. For the MHCI/MHCII/IDO-
1 panel, the H score function was used to score each marker.
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For each panel 5 algorithms were constructed and the result-
ing data visually validated to ensure accuracy.

Statistical analysis

Percentage, median and range were used to describe immuno-
logical and disease control rates, duration of response and
patient characteristics. OS and PFS were determined as time
from TIL infusion to death or progressive disease, respectively,
or time to last follow-up (July 18th 2017).
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